Purpose: It is known that, besides its benefits, ultrasound (US) elastography may show discordance findings, leading to biopsy, so this technique has some limitations. The purpose of the present study was to compare histopathological results and shear wave velocity (SWV) values in patients, to reveal discordance findings, and to investigate its statistical significance in making the decision for biopsy with SWV values.
Introduction
Breast cancer is among the leading causes of death among women in developing countries [1] . Early detection of a cancerous lesion significantly affects the prognosis of the patient. Therefore, many devices are used in radiology practice for early diagnosis. Mammography is the most important technique. In addition, magnetic resonance imaging (MRI) and ultrasonography (US) are adjutant modalities for mammography [2] .
Breast US is an important imaging tool for identification and characterisation of breast lesions [3] . High-frequency and the high-resolution of US is helpful in the evaluation of the breast, especially in young patients and women with a dense breast on mammography. Compared with mammography, breast MRI, and biopsy, US is advantageous because it is an inexpensive, radiation free, reproducible, and non-invasive method [2] . However, despite its high sensitivity in the breast, US shows a low specificity. This causes numerous false positive findings. In addition, US depends on the operator [4, 5] . High incidence and slow progression of breast cancer before the diagnosis have led to research on new diagnostic techniques [4, 5] . Therefore, several complementary techniques have been developed to increase the specificity of breast US [6] . US elastography defined in the breast imaging-reporting and data system (BI-RADS) category is among these techniques. US elastography is a new method, which measures the degree of hardness of breast lesions. US elastography can provide quantitative information that is helpful to identify malignant and benign lesions [2] . More recently, systems equipped with various methods that apply strain have become available. They include systems with strain elastography (SE), which requires manual compression vibration, and systems equipped shear wave elastography (SWE) technology that supplies vibrational energy by means of ultrasound. These methods share the concept of bringing qualitative diagnostic capability, i.e. imaging and numerical expression of the stiffness of a target, into the field of ultrasonography, which is primarily concerned with morphological diagnosis [7] . There are various methods and terms related to diagnostic assessment, such as elasticity scores (Tsukuba score, strain pattern), E/B ratio (width ratio, length ratio), strain ratio, fat-lesion ratio (FLR), and shear wave measurements (kPa, and m/s), which often lead to confusion when initially using elastography [7] .
In this study, we used shear wave velocity (SWV) measurement values showing the speed of the sound wave obtained by acoustic radiation force impulse (ARFI) technology in the tissue. There are many studies on this issue that have reported different SWV measurement values for malignant and benign lesions [4, 8] . Elasticity features may overlap in benign and malignant lesions depending on histopathological characteristics in breast tumours. It is known that, besides its benefits, ARFI US examination may show false positivity, leading to biopsy [9] .
The objective of this study was to compare histopathological results and SWV values on ARFI elastography in patients who underwent breast biopsy in our clinic, to reveal benign lesions showing false positivity and malignant lesions showing false negativity, and to investigate its statistical significance in making the decision for biopsy with SWV values.
Material and methods
The study was retrospectively conducted in the Breast Radiology Unit of Van YYU Medical Faculty, Department of Radiology between August 2017 and April 2018. The study was reviewed and approved by the local Ethics Committee. Informed consent was obtained from all patients before histopathological sampling.
A total of 190 patients aged between 18 and 78 years (mean age of the patients was 39.87 ± 13.56 years) were included in the study. All patients presented with symptoms such as palpable breast mass (60%) or breast pain (40%). 190 breast lesions of 190 women, which had been performed for ultrasound-guided core needle biopsy, were included in this study. A 14G Tru-Cut biopsy needle was used for biopsy. After the biopsy, malignant lesions were surgically excised.
B-mode US, ARFI sonoelastography, and biopsy were made by a radiologist with two years' experience in the breast. One other radiologist with two years' experience in the breast was blinded to the histopathology results and assessed the B-mode US images and SWV values of each lesion from the PACS. All lesions' B-mode US features were retrospectively analysed and classified according to BI-RADS for US recommended by the American College of Radiology (ACR) [9] . US features were classified as margin (circumscribed, non-circumscribed), shape (irregular, oval-round), posterior acoustic features (shadow, enhancement, mixed, nonenhancement), and echo pattern (markedly hypoechoic, hypoechoic, hyperechoic, isoechoic, complex). In addition, the presence of calcification was recorded. Lesions were categorised as BI-RADS 3-5. According to ACR-BI-RADS Atlas 2013, while the BI-RADS category 3 should be followed, the diagnosis of tissue was made because of the concern of the clinician and the patient. All of the scar tissue and fat necrosis lesions in our patient group were at the irregular border, and they could not be compared using old films, so histopathology was performed in this patient group to exclude local recurrence. Cystic lesions for which histopathological outcomes could not be obtained were excluded.
The mean SWV values were measured using the region of interest (ROI) through all lesions with ARFI elastography. ROI was placed into the hardest and softest locations, and the measures were averaged. The histopathological outcomes were considered as the gold standard. The mean SWV values were compared with histopathological results and US BI-RADS categorisation. The lesions were classified as less than 2 cm, and greater than or equal to 2 cm.
The classification criterion used in ARFI measurement depends on SWV. The mean SWV values vary between 4.49 and 8.22 ± 1.27 m/s in malignant and 2.25 ± 0.59 m/s and 3.25 ± 2.03 m/s in benign lesions [4, 8] . Individual values differ among different studies, but these differences are possibly associated with the number of cases, the size, and the histological type of lesions. A cut-off of 3.065 m/s was recommended to provide sufficient sensitivity and specificity [4] . Considering the previous studies, we accepted 3 m/s as the cut-off for ARFI SWV to distinguish malignant and benign lesions. The lesions with an SWV < 3 m/s were considered as benign, and those with an SWV ≥ 3 m/s were accepted as malignant. The lesions showing an SWV incompatible with histopathological outcomes were determined, and accordingly sensitivity, specificity, positive predictive value, and negative predictive value were calculated. B-mode Breast US was obtained with an ACUSON S 2000 US system (Siemens Medical Solutions) equipped with a bandwidth of 14 MHz and with a wide-format 50-mm linear array transducer. The quantitative implementation of ARFI technology (Virtual Touch Quantification -VTQ) was obtained using a linear-array transducer (9L4; Siemens Medical Solutions) with a bandwidth of 9 MHz.
Statistical analysis
Sensitivity, specificity, and accuracy of SWV and BI-RADS categorisation were calculated using SPSS v16 software. Independent sample t-test and c 2 tests were used for descriptive statistics. Chi-square test was used for BI-RADS categorisation and histopathology comparison. Values of p < 0.05 were considered statistically significant.
Results
Of all lesions, 36 (18.9%) were malignant and 154 (81.05%) were benign. Patients were aged between 18 and 78 years. The mean age was 36.8 ± 11.7 years in patients with benign lesions. The mean size of benign lesions was 24.15 ± 14.04 mm. Subtypes, morphological features, and SWV values of the benign lesions are shown in Table 1 . Table 1 The mean age was 52.9 ± 13.6 years in patients with malign lesions. The mean size of benign lesions was 26 ± 11.23 mm. Subtypes, morphological features, and SWV values of the benign lesions are shown in Table 2 .
Seven of the malignant lesions were in subjects under 40 years old and 29 were over 40 years old. The rate of malignancy increased with patients' age (p < 0.05). No statistically significant difference was found in sizes of malignant and benign lesions. Whereas the majority of malignant lesions were invasive ductal carcinomas (IDC), the most common histopathological diagnosis of benign lesions was fibroadenoma (FA).
When comparing the morphological features of benign and malignant lesions, the internal echoes of the malign masses were markedly hypoechoic (25.0%) and hypoechoic (69.4%). In particular, the sonographic presentation of complex echoes was more common in benign lesions (37.7%) than in malign lesions. However, isohyperechogenicity was observed only in benign lesions. The shape of the breast lesions was more often irregular in the malign lesions (91.7%) and was less frequently oval or round. Regarding the tumour margin, malign lesions were more likely non-circumscribed (77.8%). For the posterior features, benign lesions comprised 37.0% and 34.4% Table 3 .
Based on the analysis of the morphological features of breast lesions, 64 lesions were classified as BI-RADS 3, and 125 lesions were classified as BI-RADS 4-5, the latter group requiring biopsy. Two lesions (3.1%) in the BI-RADS 3 category resulted in malignant histopathology. Histopathological results were adenocarcinoma and mucinous cancer. While SWV values were 5 m/s and 3 m/s, respectively, these lesions' morphological features were circumscribed margin, parallel orientation, oval shape, and multilobulation (Table 4) . While SWV values provide clues for adenocarcinoma, the SWV value mucinous cancer was similar to that of benign lesions.
Considering the cut-off value of 3 m/s in the differentiation of the malignant and benign character lesions, the SWV value was > 3 m/s in 33 and < 3 m/s in three of the malignant lesions, whereas SWV was > 3 m/s in 91 and < 3 m/s in 63 of the benign lesions (Table 5) . Discordant elasticity findings were found in 59.1% of the benign and 8.3% of the malignant lesions. False positivity was statistically significantly higher than false negativity (p < 0.05). Among the benign lesions, SWV values were as high as the SWV values of malignant lesions, especially in the lesions such as granulomatous mastitis, sclerosing adenosis, chronic inflammation, fat necrosis, fibrotic breast tissue, and scar tissue. Two patients with fat necrosis had a trauma history, while six had a history of breast reduction, and one had a postoperatively formed lesion. In particular, lesions with fat necrosis were the lesions with the highest (mean SWV: 5.4 ±2.06 m/s) SWV (Figure 1 ). Patients with scar tissue were those who had undergone partial mastec- tomy following the diagnosis of breast cancer, and they were the cases identified at postoperative follow-up (Figure 2) . All malignant lesions diagnosed with IDC had irregular spiculated contours on B-mode US, and the mean SWV value of these tumours was high (mean SWV: 6.94 ± 1.84 m/s). While the lesions diagnosed with mucinous cancer were regular and multilobulated, one of them in an elderly patient included calcification, with a high SWV (mean SWV: 4.1 m/s) ( Figure 3) . Lesions of the patients with granulomatous mastitis showed both low and high for the greyscale ultrasound and 91%, 41%, and 50.5% for SWV values in ARFI US, respectively; the results were similar for both evaluations. Positive predictive value (PPV) and negative predictive value (NPD) were found to be similar for SWV and BI-RADS categorisation (for SWV -PPD: 26.6%, NPD: 95.4% and for BI-RADS -PPD: 29%, NPD: 96%).
Discussion
In the present study, we ascertained which breast lesions showed false positivity (59.1%) and false negativity (8.3%) with VTQ measurement on ARFI US in patients evaluated and biopsied in our clinic. The lesions with false positivity were more common than the lesions showing false negativity.
It has been reported that, in addition to conventional sonography, breast elastography provides quantitative data about the elasticity of the lesions, giving more objective information for lesion characterisation [10] [11] [12] . This technique has become a method used in addition to the diagnostic US in the last five years [5] . Elastography is highly helpful and precise in the evaluation of the lesions in various organs including the breasts [13, 14] . The use of quantitative elastography with SWV increases diagnostic accuracy in equivalent cases. SWV differs with an elasticity between benign and malignant lesions; while benign lesions have an elasticity similar to the surrounding tissues, malignant lesions are harder than the adjacent tissue [15] . Elasticity characteristics may overlap in benign and malignant lesions, depending on histopathological features in breast tumours [9] . Some benign breast lesions may show a high SWV value and mimic malignant lesions [11] . Because breast parenchyma decreases elasticity waves, it is known that a deeply localised lesion may give elasticity scores incompatible with histopathological outcomes [12] . Among the factors affecting SWV values, a study has shown that superficial lesions have more accurate elasticity outcomes than the deep lesions [16] . In addition, elasticity scores are associated with the compression applied by the practitioner [16] . Breast tumours usually become weakly deformed compared to benign lesions. On the other hand, some benign lesions such as fibrous FAs and scar tissues may also become weakly deformed [17] . 
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In our study, among the benign lesions in our patient group, scar tissue (mean SWV: 4.9 ± 1.40 m/s) and some FAs showed high SWV values, consistent with the literature. Elastography is not an appropriate modality to evaluate breasts postoperatively because of the high SWV values of scar tissues [17] . The radiological evaluation of the scar tissue should be made carefully. Müller et al., in a study conducted for the detection of cancer recurrence in 84 patients, found seven local recurrences [18] . It is also known that the morphological features of scar tissue can sometimes be similar to malignancy. This can sometimes lead to unnecessary biopsy.
FAs are the most commonly encountered breast masses and are the reason for many unnecessarily performed biopsies. SWE is expected to prevent unnecessary biopsies for FAs [17] . Despite many FAs showing a soft character, some of them are stiff and may exhibit false positivity for malignancy [11] . The cause of the rigidity in FAs has been interpreted in the literature as due to hyaline degeneration [17] . In our study, in some FA lesions, suspicious findings related to elastography may be due to hyaline degeneration and calcification. Sixty-one (32.1%) lesions were diagnosed with FA in our study group. Forty-three (70.5%) FAs had SWV values over 3 m/s. Of these two (3.3%) had calcification and 41 (67.21%) had hyaline degeneration. In another study, El Sedawy et al. demonstrated that the most important parameter to determine the hardness degree of FAs was lesion size [17] . In the literature, as in our study, the mean SWV value increased with growing FA size to (p = 0.02). Again, in the same study, the elasticity of FAs were not correlated with age. In our study, we found the mean SWV value of FA to be 3.7 ± 1.13 m/s, independently of age (p = 0.84).
Fat necrosis is among the lesions that may be hard in SWE [19, 20] . In our patient group, fat necrosis lesions were very hard with low elasticity and with very high SWV values (5.4 ± 2.06 m/s). We believe that patient history, B-mode US, and mammography are more efficient in making the decision for biopsy in fat necrosis lesions. Thus, unnecessary biopsies performed in fat necrosis lesions that are palpable, hard, and mimic malignancy clinically and elastographically can be avoided.
Idiopathic granulomatous mastitis (IGM), inflammatory breast cancer (IMC), infectious mastitis, foreign body injection granulomas, mammary duct ectasia, and diabetic fibrous mastopathy are breast diseases with similar features, and diagnosis is often challenging [21] . These diseases clinically mimic breast cancer [22] . In general, they manifest as a unilateral hard mass accompanied by thickening and erythema of the skin [22] . Multiple and irregular hypoechoic masses and collections on the US that contain skin formation in the skin and finger-like tubular connections suggest IGM instead of carcinoma in patients with a history of breastfeeding [23] .
In our patient group, the high SWV values (mean SWV: 4 ± 1.21 m/s, min: 2.2 m/s, max: 6.3 m/s) in 19 (9.9%) IGM cases may be explained by increased collagen-rich fibrous tissue and granulomas. In a study on this issue, the mean SWV was found to be 3.19 m/s (min: 2.49 m/s, max: 5.82 m/s) for IGM [24] .
On the other hand, early-stage breast carcinomas, malignant masses with necrosis, and mucinous cancers have soft characteristics and may lead to false negative outcomes [25] . In addition, some invasive cancers may show soft elasticity, causing a false negative outcome [12] . In our study, one patient with IDC and one patient with adenocarcinoma showed low elasticity. Mucinous carcinomas, some inflammatory breast cancers, and carcinomas < 5 mm may become highly deformed with pseudobenign characteristics [17] . In our study group, there were two patients with mucinous carcinomas, which are known to show false negativity from the literature. The mean SWV value of one patient was low, consistent with the literature (3 m/s), while the other patient had a high mean SWV value (4 m/s), which was incompatible with the literature. This was attributed to the lesion containing calcification. In addition, it was found in a study that mucinous cancers did not show different elasticity compared to the other malignant tumour types [26] . Although SWE provides quantitative data reflecting internal features of the target mass, some SWE outcomes may be in contrast to the real histopathological diagnosis. Furthermore, studies have shown that nearly 10.3% to 15.1% of benign or malignant masses show SWE features incompatible with the histopathological diagnosis, leading to false positive or false negative SWE outcomes [10, 26] . In our study, this rate was 49.4%. In the present study, the mean SWV values were significantly higher in the malignant lesions compared to the benign lesions, with sensitivity and NPD values of 91.6% and 95.4%, respectively. This value is high and indicates that SWV measurement in the VTQ method with ARFI US is highly sensitive in the detection of malignant lesions. In our patient group, the rate of SWE scores that were incompatible with the histopathological outcomes was 49.4%, with specificity and PPD values of 40.9% and 26.6%, respectively. These findings were attributed to relatively high rates of mastitis, scar tissue, fat necrosis, fibrotic breast tissue, and sclerosing adenosis lesions that showed false positivity. In one of two different studies in the literature, SWE scores incompatible with the histopathological outcomes were more common in the malignant lesions than in the benign lesions, while in the other study benign lesions showed more incompatible SWE values than the malignant ones [12, 26] . In our study also SWE scores incompatible with the histopathological outcomes were more common in the benign lesions (false positivity in the benign lesions: 59.1%, false negativity in the malignant lesions: 8.3%, p < 0.05).
Conclusions
Besides the known benefits of elastography, we believe that, knowing lesions showing false positivity and negativity due to different elasticity features, evaluation of elastographic outcomes together with B-mode US will be helpful in preventing delayed diagnoses and unnecessary biopsies.
This study has some limitations. We did not consider increased SWV measurements caused by lesion depth, and compression by the practitioner when SWV values of the lesions were measured. Small malignant lesions are softer than invasive carcinomas and may give false negative SWE values [11] . Choi et al. showed that as the lesion size decreases, and farther from the skin false negative results increase in malignant breast lesions; furthermore, when the lesion was close to the skin, they stated that false positivity increased [27] . However, since in our study the mean size of malignant lesions was high, we did not observe the false negative SWV values that may be seen in small malignant lesions. Furthermore, we did not calculate the distance of the lesions from the skin, so this may have increased the false positive results of lesions close to the skin in our patient group. In addition, the number of lesions that are known to be false negative from the literature was low in our patient group. Because the study was conducted retrospectively, the lesions showing false positivity in SWE might be selected in the patient group. This might cause low NPD and specificity.
